. Different investigators have mentioned the importance of this group of fungi, as a potential biocontrol agent, source of anticancer agent, antiviral agent, volatile antibiotic, antidiabetic agent, immunosuppressive compound, etc. Strobel and Daisy, 2003) . Recently a few researchers used endophytes for different enzyme production (Marlida et al., 2000) . Tannase production by endophytic fungi has still remained unexplored.
Fungal tannase production has been investigated through liquid surface, submerged and solid state fermentations Lekha and Lonsane, 1994) . Among these, the submerged fermentation (SmF) process is mostly used by researchers due to its better process control, and sterilization method. However, solid state fermentation (SSF) holds noticeable potency for the production of tannase and it is already reported that SSF is the most appropriate process in developing countries (Carrizales and Jaffe, 1986) . In recent years SSF gained special interest due to the advantages it offers low production cost, high productivity, easy downstream process, low chance of contamination and very small quantities of liquid waste to dispose off (Pandey et al., 2000) . In the present communication, for the fi rst time we have reported extracellular tannase production in SSF by an endophytic fungi Hyalopus sp. isolated from a medicinal plant, Ocimum scantum.
Ocimum sanctum is a member of the mint family (Lamiaceae) and used in ayurvedic medicine. The plant samples were collected from localities near Vidyasagar University, Paschim Medinipur, West Bengal, India. Three different parts leaf, stem and root were screened for the isolation of endophytic fungi following the method of Petrini (1986) .
Isolated endophytic fungi were screened for their tannase-producing abilities in tannic acid agar media following the method of Bradoo et al. (1996) . On the basis of the clear zone-formation around the colonies, one fungus (DSF3) was selected as a potent tannase producer. The organism was grown and maintained on potato dextrose agar (PDA) slants at 4 C for further use. The selected DSF3 was identifi ed on the basis of traditional taxonomic techniques.
Tannase is an inducible enzyme. So it is important to produce pre-induced inoculum for tannase production. The pre-induction was done in a tannic acid-agar plate containing (g/L) tannic acid, 10.0; (NH 4 ) 2 HPO 4 , 3.0; MgSO 4 7H 2 O, 1.0; KH 2 PO 4 , 0.5, CaCl 2 , 0.1; NH 4 Cl, 1.0; agar, 20.0. The plate was then incubated at 28 C for 48 h. Spores from the plate were then transferred to a fl ask containing 50 ml of the previously mentioned medium without agar and incubated at 28 C in a rotary shaker for 48 h. The resulting culture was used as an inoculum for tannase production.
Extracellular tannase production was studied in liquid shake fl ask culture using the earlier mentioned medium without agar. A 2% inoculum was used for enzyme production.
Five grams of wheat bran were transferred in 250 ml cotton-plugged Erlenmeyer fl asks and moistened with 4 ml of tannic acid (2.5%, w/v) solution. After sterilization, the fl asks were inoculated with 1.0 ml of fungal inoculum and incubated at 32 C for 72 h. After incubation, 15 ml of saline solution was added to each fl ask and rotated in a shaker (150 rpm) for 30 min; the contents of the fl asks were then fi ltered and centrifuged (5,000 g, 10 min). The supernatant was used as extracellular enzyme. The amount of enzyme production was measured as unit (U) per gram dry substrate (gds).
Tannase activity was determined by the method of Mondal et al. (2001a) . The enzyme solution (0.1 ml) was incubated with 0.3 ml of 1.0% (w/v) tannic acid, in 0.2 M acetate buffer (pH 5.5) at 40 C for 30 min and then the reaction was terminated at 0 C by the addition of 2 ml BSA (1 mg/ml), which precipitated the remaining tannic acid. A control reaction was also done side by side with the heat-denatured enzyme. The tubes were then centrifuged (5,000 g, 10 min) and the precipitate was dissolved in 2 ml of SDS-triethanolamine (1% w/v, SDS in 5% v/v, triethanolamine) solution and the absorbancy was measured at 550 nm after addition of 1 ml of FeCl 3 (0.13 M) (Systronics spectrophotometer 105). One unit of the tannase was defi ned as the amount of enzyme which was able to hydrolyze 1 µmol of ester linkage of tannic acid in 1 min under specifi c conditions.
Growth of the organism in SmF was estimated after drying the biomass at 60 C for 24 h.
Tannase obtained from the SSF culture of Hyalopus sp., culture supernatant was subjected to organic solvent precipitation by adding two volumes of cold acetone to one volume of the supernatant, resulting in an increase in tannase activity. Pre-chilled acetone was added to the culture supernatant drop by drop and allowed to stand overnight at 4 C. The precipitate was collected by centrifugation (15,000 g, 30 min), dissolved in acetate buffer (0.2 M, pH 6.5) and dialyzed against the same buffer for 24 h. The dialysate was used as the source of partially purifi ed enzyme.
Partially purifi ed enzyme was used to determine the optimum pH and temperature of tannase activity. The optimum pH and temperature were measured at different pH values from 3.5 to 8.0 and temperature 20 C to 70 C. For pH stability the enzyme solutions were kept at different pH values at 4 C for 24 h and then residual activity was measured at optimum pH and temperature. Thermal stability of the enzyme was determined by incubating it at different temperatures up to 60 min and then residual activity was measured at optimum pH and temperature.
Endophytic fungi isolated from Ocimum sanctum were screened to determine their extracellular tannaseproducing abilities. Among the thirty-one isolated fungi (18 from leaf, 9 from stem and 4 from root) eleven fungi were positive for tannase production (results not shown). From these eleven tannase producers, one potent tannase producing fungi DSF3 was selected for further studies. Cultural and reproductive characteristics of DSF3 (Fig. 1) showed that the organism (DSF3) has one-celled, short cylindrical conidia in heads, which are enclosed in mucus. Conidiophores are long, erect, hyaline and distinct from the vegetative hyphae. Branching of conidiophores is confi ned to the tip, and sterile hyphae are prostrate and sparse. The organism DSF3 has been identifi ed as Hyalopus sp (Gilman, 1998) .
The organism in liquid submerged fermentation (SmF) produces maximum extracellular tannase at the end of its exponential phase after 120 h ( Fig. 2A ) whereas in solid state fermentation (SSF) maximum extracellular tannase production occurred after 72 h (Fig. 2B ). Lekha and Lonsane (1997) also reported a similarly greater amount of early tannase production in SSF than in SmF. Tannase produced by SSF and SmF have different activity titers and about three times higher enzyme was produced in SSF than in SmF. A similar type of observation was also made in Aspergillus niger (Aguilar et al., 2001 ). Previously, it was reported that a particular fermentation model system induced tannase production using a particular microorganism (Cruz et al., 2006) . Our fi ndings also indicate that Hyalopus sp. DSF3 strain is better adapted for a SSF system and utilizes the nutrients for enzyme production in a better way than when it is grown in SmF. This may be due to the fact that SSF provides fungus with an environment closer to its natural habitat. Optimization of culture conditions for tannase production through SSF was carried out. Six different agricultural by-products were evaluated to select the best solid support for tannase production by Hyalopus sp. DSF3 (results not shown). Except wheat bran, all other materials were very poor at supporting tannase production by the organism. So wheat bran was selected as the best solid support for tannase production using this organism. Previously, and Chatterjee et al. (1996) also reported wheat bran as the best solid support for tannase production using Aspergillus aculeatus and Rhizopus oryzae respectively.
Various concentrations of tannic acid were used separately in the medium to fi nd out the optimum concentration for enzyme production. It has been observed that 2.5% tannic acid was most suitable for maximum tannase synthesis with Hyalopus sp. through SSF and enzyme production was depleted at higher concentration, although the enzyme production was recorded only up to a concentration level of 15% tan- nic acid. Previously Chatterjee et al. (1996) also mentioned 2.5% as suitable concentration of tannic acid for tannase production by Rhizopus oryzae.
Initial pH of the medium is a crucial factor for tannase production. Generally different fungal tannases were produced in acidic pH (Lekha and Lonsane, 1997) . Similarly pH 6.0 was found suitable for tannase production in Hyalopus sp., although at higher pH a large amount of enzyme production was noticed.
Partially purifi ed extracellular tannase (Table 1) from Hyalopus sp. showed its optimum activity at pH 6.5 and was most stable at pH 5.0 8.0 (Fig. 3) . The effect of pH on the enzyme activity depends on the nature of amino acids at the active site, which undergo protonation or deprotonation (Dixon and Webb, 1966) . In our earlier experiment pH 5.0 was found optimum for tannase activity and pH 4.0 6.0 for its stability in Aspergillus aculeatus (Banerjee et al., 2001) . Industrial grade Kikkoman tannase produced from A. oryzae showed its optimum activity at pH 5.0 5.5 and is stable at pH 3.5 5.5 (http://www.kikkoman.co.jp/bio/j/rinsyou/ enzymes). Other reports indicate that pH 4.0 6.0 is optimum for tannase activity (Lekha and Lonsane, 1997; Sharma et al., 1999) . Higher optimum pH for this enzyme may be due to the endophytic nature of its source organism. The optimum temperature for tannase activity was observed at 60 C (Fig. 4) and the enzyme was heat stable up to 60 C for 10 min and 50 C for 30 min. The enzyme lost only 4% of its activity even after 60 min at a temperature of 50 C. The enzyme could tolerate higher temperatures for a longer period. Most of the tannase produced from microorganisms showed an optimum temperature of 30 C 40 C (Lekha and Lonsane, 1997) . Commercially available tannase showed its optimum activity at 40 C and is stable up to 40 C. So far, this is one of the most heat stable tannases found and is comparable to the fi ndings of Sharma et al. (1999) , Banerjee et al. (2001) and Mukherjee and Banerjee (2006) . This broad range of pH and temperature stability of this enzyme could be exploited in various ways for pollution control in the leather industry and bioprocess industry in future. Relative activity 100% = 7.6 U/ml. Fig. 4 . Effect of temperature on activity (A) and stability (B) of partially purifi ed tannase of Hyalopus sp.
Relative activity 100% = 7.6 U/ml.
Available information on tannase production through SSF is scanty (Lekha and Lonsane, 1994; . The results indicate the potential activity of Hyalopus sp. DSF3 in producing higher yields of tannase through SSF. This is the fi rst report of tannase production by this endophytic organism. In a short period of time the organism produces a large amount of tannase in an agricultural byproduct and cheap substrate like wheat bran. So, in future, this organism can be applied for commercial tannase production.
